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restriction sites were bridged with a pair of complementary asymmetric synthetic 
SSLSL of the ayw sequence. The sequence of the coding , oligonucleotide was 
5'-^TTATGGA CAT-3' . The construct places the core gene ATG at posrtion + 1 1 rel- 
LeVo the Shine-Dalgarno sequence of pKK223 ( P FS14, Fig. 1 ) and contains the com- 
S JSJSe sequence of the ayw HBc gene. When induced with IPTG in E. coli 
JM10 ' this ^plasmid directs the synthesis of the 21-kD HBcAg immunoreactive with anti- 
in immunoblots (see Fig. 3b in Schodel and Will 1989) and in ELISA 
of Tto a^oximately 1% of whole-cell proteins, as judged 

oolJacrylarSde gels (not shown). The particulate nature of HBcAg produced from pFS 4 
Ss been demonstrated by characteristic sedimentation properties ,n sucrose gradient^ 
£ bancTng In cesium chloride density gradients, and by e lectron 
shown) Immunization With recombinanrHBV core particles punf.ed by cesium ch or.de 
density gradient centrifugation induced a protective immune response Qtatav 
with woSdchuck hepatitis virus (WHV) in two of three ^^^J^^^" 
dm ) We therefore assume that amino acid sequences conserved between HBV and 
WHV mediate protective immunity (for an amino acid comparison between hepadnav.rus 
^e pTote ns, see Schodel et al. 1989). An interesting candidate is the ^ between 
amino P ackJs 120 and 140 of HBcAg, which is highly « nse ™f^ 
encompasses two T-ceff shes recognized in the murine model by mice of H-2 and I H-2 
haplotype, and is also immunogenic at the B-cell level as a free peptide (M.hch et al. 
1987a). 

Construction of Core/Pre-S2 fusions 

Amino-terminal Fusions 

We first set out to construct expression vectors that would direct the synthesis of core 
proteins with the pre-S2 ayw (amino acids 133-140) sequence fused to the ammo term.- 



f 



nus of HBcAg. 
fused the sequ 
dem repeal to ' 
in a tac promo- 
could not be c 
and pre-S2/coi 



Internal Fushi 
A recent mod 
RNA virus nu< 
that the site c 
hepadnavirus, 
tional fusion c 
quence, we • 
synthetic oligc 
GTA CTT CC 
coding for HI 
unique Xhol s 
and colonies 
body (Okamc 
from positive 
the resultant 
and lysed Jrv 
proteins on a 
behavior of p 
shown). Thuj 
tion. Whethet 
is unresolvec 
4408 or 552i 
(120-145) (p 
HBcAg do nc 
tides is inter. 



Carboxy-tert 
As a third sit 
HBcAg. For 
461 (for nuc 
ment donee 
al. 1989). T 
placed by a 
155 is there 
placed by t 
(Fig. 1). Usi 
inserted tha 
156. In the 
treme cart* 
spective us 
inserted a 
GTT CGT i 



nus ol HBcAg. Using 5' -degenerate o^^^^^^~^ 
fused the sequence ceding , o. ^^^J^^™, as a'single repeat 
dem repeat to the 5' end of th ^'^ r s s taWcore or P re-S2 reactive fusion protein 
in a »ac promoter vector Wrt J^SSe Sh«l. (not shown), although promoter 

Td^™™ ■ - verrfied by dideoxy sequencing - 



Internal Fusion ^ ^ Qn h logies witn 

A recent model tor the HKAfl I pan information is. available, suggests 

RNA virus nucleocapsid particles tor wnicn . rejated 
that the site of a 39-am.no-aad insertion in ^ the Jore p ote.n o _ 
hepadnavirus is exp.se^ ^ HBcAg ^ 

.,ionalfus.onofthepre-S2ayvv(am^no ^ rf ^p^^ 

quence. we digested pFS1 4 partial ly wi in_ a . JCT 

Synthetic «9«S?TO ( S£l?S3lS tor T L p^ S2 seSencIs' of the sequence 
GTACTTCCCGGCTCGGAG-3 coding ror in p h ^ same ^ a 

coding for HBcAg up to amino acid posit on 82 and Httroau ^ transformed , 
unique Xfcol site at the 3' end of the insert ^ *PS1 Rg. U J monodonal anti . 
and colonies were screened #3*^5^^ DNA was isolated 

behavior of Pa^es expresse ^J^ 4 ^™ < 2 intenere with particle forma- 
shown). Thus, we assume that the inte na. lus on thejr surface 

, ion . Whether ^^^^^l^^^^S^ antibodies 
is unresolved. Raw bactena I V s ™*°° . do react with rabbit anti-pre-S2 

4408 or 5520 (Okamoto at aL 1985) but monoclona , antibodies against 
BK2 S^'^^PFB^i: since the major epitope on core par- 
tides is interrupted by the insertion. 

HBcAg. For this purpose a un.que ^ •J^JlJ^^'SS, in an HBV subfrag- 
461 ffi^.ffiSS^ < StanSS6nS 61 

p,aced by a G. ^^£tS!l^'c^^^ fragment of pFS14 was re- 
1 f 5 dtTS SrSSnding S ragment from pMHM7 to give plasmid P FS14apa 
placed by the « rr ^p««ing o » 9 heterolog0 u S gene fragments can be 
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anti-HBc anu-pre-o\*/ aiui-nou anti-pre-S(2) 

1 = P FS14.2 = pFS14PS1,3 = JM105 1 = JM105(pFS14PS2). 2 = JM105pFS14AHBc 

coupteS ^£££1 or anti-rabbTt IgG (H+L) (Medac) using NBT/BC.P as substrate. 

ouence (133-143) resulting in expression plasmid pFS14PS2 (Fig. 1). A fusion protein 
q T^rl Sd m S2 reactivity of the expected molecular weight was observed .n im- 
^ JM105 (pFS14PS2) raw extracts (Fig. 2. right) Nondenatured 
SSSJdSTjES (PFS14PS2) wholes, bacteria, lysate separated on Sepharose 
2?Sn disolaved ant core reactivity only in the void volume identical to that of pFS14 
^14PSrSt^Sn). which we inLrpret as evidence for particle formation. The 

detec,ed b * ^ ti - pre " S2 m0n °?° nal anti ^^of bac 
5526 a? well as rabbit antipeptide P re-S2 (120-145) in nondenaturing ELISAs of bac- 

rerial'lysates. strongly suggesting their accessibility on the particle surface. 
SUMMARY AND CONCLUSION 

We have constructed a prokaryotic expression vector directing the synthesis of HBcAg 
oT^e autSntic ayw sequence ( P FS14) in E. coli. Gene fragments coding for .mmuno- 
domTnant co^serv^ M epitopes of the P re-S2 region of HBV surface antigens were 
fuse?rthTamino terminus, to internal HBcAg sequences, and to the carboxy terminus 
of HBcAg AmTno-terminal fusions did not lead to expression of stable fusion proteins. 
Both internal and carboxy-terminal fusions, the latter also removing the HBcAg nucleic- 
acS-S > region. Jio expression of stable fusion proteins ; whh dual reactivity , jrum- 
munoblots B-cell epitopes fused to the carboxyl terminus of HBcAg were access^ rfe to 
S"bcd°es in nondenaturing assays and are thus probably located at the surface of 
HBc^g part cles The immunoreac tivity of purified hybrid HBcAg/pre-S2 pan.cles is cur- 
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rently being tested, and h will be especially interesting to determine whether the fused B- 
cell epitopes will acquire T-cell-independent immunogenicity. In addition, size limits and 
accessibility of different internal inserts as well as carboxy-terminal fusions will be 
determined. The existence of HBcAg hybrids with the same or different heterologous 
epitopes at separate amino acid positions raise the possibility of creating mixed particles 
and of studying their immunogenicity. 
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